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X - EFFECTC OF  FIRST-STATOR BaTUSTMEXT; -AL ?&OW CONDITIOHS 

OF 571-97 "RBm WITH 132-PERCENT-DESIGN STATOR AREA 
By Donald A. Petrash, Hazold J. Schum, and Elmer H. Davison 

The changes in the internal flow conditions  resulting f r o m  aajusting 
the first-stator throat  area of the J71 experimental  three-stage  turbine 
were investigated.  Presented  herein are the  experimental resu l t s  of in- 
terstage flow m e a s u r e m e n t s  obtained from- a r ad ia l  survey investigation 
conducted on th i s   tu rb ine  when equipped with a f i rs t -s tage  s ta tor   with a 
throat  area  increased t o  132 percent of the  design  area and operated a t  a 
single predetermined turbine match point. Radial variations and mass- 
averaged  values of stage  efficiency were determfned, along with Mach 
number and flow-angle distributions behind  each  blade row. 

The mass-averaged first-, second-, and thira-stage  efficiencies were 
0.850, 0.8l5, and 0.784, respectively. Regions of deficiency w e r e  noted 
near the  hub and t i p  regions for a l l  three turbine stages. The corre- , 
spending over-all mass-averaged efficiency was 0.831. The r ad ia l  survey 
r e su l t s  for the  turbine with the 132-percent-design first-stator area are 
compared herein  with  thoee  previously  obtained  with  the same experimental 
turbine equipped with  f irst-stage  stators  with throat areas n o m i n a l l y  70, 
87, and 97 percent of the  design  area, each turbine  configuration  being 
investigated a t  o r  near i ts  turbine match point. The individual  stage  effi- 
ciencies  varied  considerably f o r  each of the four  turbines. Also, the  effi-  
ciency of any particular  stage  varied  widely as the   f i rs t -s ta tor   area was 
changed. However, the  over-all  turbine  efficiency  varied  only about three 
points over the wide range of first-stator areas  investigated. 

The NACA Lewis laboratory i s  currently  studying  the  effect of f i r s t -  
stator t h r o a t  area changes on the  component performance of an experimental 
571 three-stage  turbine. References 1 t o  4 present  the over-all performance 
characterist ics of t h i s  turbine when equipped with f i r s t  stators with throat  
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areas nominally 70, 87, 97, and 132 percent of the  design  area. The maxi- 
mum obtainable  over-all turbine efficiency over  the  ent i re  range of first- 
s ta tor  area adjustment  varied only between 0.87 and 0.89. 

A compressor-turbine match-point analysis was conducted i n  reference 
4, based on an  arbitrary mode of engine operation  during which the com- 
pressor was maintained a t  constant  equivalent  design  conditions. In  an 
e f for t   to  determine the change in   the  internal  flow  conditions  effected 
by these  f irst-stator  area changes, the  70-, 87-, and 97-percent  turbines 
were operated a t  or near t h i s  match point, and a rad ia l  survey investiga- 
tion waB conducted. These results are  presented in references 5 t o  7. t? 

!i 
This report is the last of the  series and presents  the  results of a 

survey of the 132-percent turbine  operating at i t s  compressor-turbine 
match point. The resul ts  of the  present  investigation  me compared with 
those  previously  obtained for  the 70-, 87-, and 97-percent  turbines. The 
results  presented  herein  are  not  considered  quantitative; b u t ,  since  the 
methods used for  Ebu four turbine  configurations were similar, they can 
be interpreted  as  indicating trends of comparative  performance. 

SYMBOLS 

C blade chord, f t  

P pressure, lb/sq f t  

S blade spacing, ft 

T temperature, OR 

B re la t ive  flow angle (measured from axial direction), deg 

11 adiabatic  efficiency based on measured t o t a l  temperatures and 

a sol idi ty ,   ra t io  of actual  blade chord t o  blade  spacing,  c/s 

total   pressures 

us loss coefficient, (p; - p;)/(p; - Po) 

Subscripts: 

i in l e t  

0 out le t  

b 
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3 co- 

Superscripts: 
d 

1 stagnation o r  t o t a l   s t a t e  

f l  relative  stagnation  or t o t a l  s t a t e  

The experimental  installation used f o r  the  132-percent-turbine  survey 
investigation is  the same as tha t  used in  the  investigations of the 70-, 
87-, and 97-percent turbines, as described fn reference 8 with modifica- 
t ions  given in reference 3. A photograph of the  turbine test ins ta l la t ion  
is presented in figure 1. By reset t ing the stagger  angle of the  design 
blade  profiles a f i r s t - s tage  s t a to r  was obtained having a throat area 
132 percent of the design area. This first-stator area (I32 percent of 
design) was selected,  since it was the maximum area obtainable with the  
design blade prof i les  without moving the throat  a t   t h e  mean blade height 
upstream of the  blade  trail ing edge. 

Figure 2 is a schematic d l a g r a m  of the  turbine showing the   ax ia l  
and circumferential  location of the  instruments. Radial measurements of u u t o t a l  pressure, t o t a l  temperature, and flow angle w e r e  made using combi- 

I nation  probes  {fig. 3( a) ) mounted i n  remotely  controlled movable actuators. 
With this type of instrument, data were obtained at the  turbine  inlet  
( s ta t ion  I, f ig .  2) and at the out le t  of each  succeedlng blade row. A t  
the o u t l e t  of  each rotor  blade row, data w e r e  obtained from two actuators 
located at different  circumferential  positions. A radial static-pressure 
dis t r ibut ion at each  measurtng station was obtained by replacing the 
combinatipn probes with static-pressure wedges  of the type shown i n  f igure 
30)) 

Turbine mtching  characterist ics f o r  t he  132-percent turbine were 
determined i n  reference 4, based on an assumed =de of engine operation 
during which the compressor i s  maintained at constant  equivalent  design 
conditions. The survey investfgation of the subject  turbine w a s  conducted 
at  821 equivalent speed of 2574 r p m  and an  equivalent work output of 24.22 
Btu per pound, which closely approximate the  turbine matching requirements 
of reference 4 .  The turbine-inlet   total   pressure and temperature were 
nominally 35 Lnches of mercury absolute and 700' R, respectively. 

.. A t  the out le t  of each ro to r  blade row, as mentioned previously, 
duplicate sets of measurements were obtained. These measuremen% were 
numerically  averaged a t  t h e i r  corresponding radial positions in crder to 
obtain a single rad ia l   t race  at  each rotor  outlet .  The p8,rameters 
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used i n  this   report   to   descr ibe  the  internal  flow  conditibns of the 
turbine were calculated by use of the  procedures  described i n  reference  9. I ,  

RESULTS AND DISCUSSION 

The internal  flow  conditions of the  subject  turbine  are  presented 
i n  terms of stage work p q m e t e r  DLTt/Tt, stage  efficiency 7, and stage 
Mach numbers and flow  angles, each of which.is  discussed  individually. 
Over-all  turbine performance characteristics, based on turbine-inlet and 
turbine-outlet measurements, are also  included. Corresponding results 
of the survey investigations of the  70-percent turbine (ref. 5 ) ,  the 87- 
percent  turbine (ref. 6), and the  97-percent turbine ( r e f .  7 )  are  presented 
i n  order that the  stagewise radial variations of these  parameters with 
changes in   f i r s t - s ta tor   th roa t   a rea  can be compared. 

The data should.not be considered quantitative because of the extreme 
d i f f icu l ty  of obtaining  absolute measurements of average  flow  conditions 
in the complex flow f ie ld  between blade rows of a multistage  turbine. 
Secondary flows,  circumferential  pressure apd temperature  variations, 
and other flow distortions cannot be r ea l i s t i ca l ly  accounted fo r  with 
only the  radial measurements obtained  in,these  investigation@. For 
example, if these  flow  distortions  affected  the  temperature behind the 
first stage of' the 132-percent turbine so that the measured value of 
temperature were inaccurate by lo, a 2-point  inaccuracy i n  the first- 
stage  efficiency would resu l t  and the second stage would be  inversely 
affected by 2 efficiency  points. Hence, the data should be interpreted 
only as indicating  trends of comparative  performance. 

Work Parameter 

The radial   variation of stage work parameter f o r  the subject  turbine 
as well as f o r  the 70-, 87-, and 97-percent  turbines  (refs. 5, 6, and 7, 
respectively) i s  presented i n   f i g u r e  4(a). Because of the divergent 
passage,  percent  annular area is  used as the  abscissa. The rad ia l  va r i -  
a t ion  of the  over-all work parameter i s  also shown fo r   a l l   t he   t u rb ine  
configurations. The spanwise variations of  the work parameter fo r   t he  
first, second, and thi rd  s tages   for   the 132-percent turbine are i n  general 
sirnilw t o  those observed i n   t h e  87- and 97-percent turbines. Regions of 
l o w  work parameter  occur  near the hub and t i p  of each stage. The rad ia l  
variation of the  over-all  work parameter for   the 132-percent  turbine i s  
similar t o  that obtained fo r  a l l  three  reference  investigations. However, 
the leve l  of the work-parameter curves f o r  a l l  stages and t h a t  of the 
over-all work parameter t& t o  decrease when the f i r s t - s t a to r  area i s  
increased. 
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According t o  reference 2, as the  f i rs t -s tage-s ta tor  area i s  increased, 
d the match-point equivalent speed and work output  requirements are de- 

creased.  Since  the work output of the  turbine i s  proportional t o  the 
work parameter, the work parameter f o r  any stage is proportional to the  
product of the wheel speed and the change in the  tangential  component  of 
the  absolute  velocities  entering and leaving  the  rotor of that  stage. 
For example, it i s  readily  apparent that, if the ffrs t -s tage-s ta tor  =ea 
i s  increased by reorienting  the  stagger  angle of the blades toward axial, 
the  absolute  flow  angle  leaving  the  stator i s  decreased. !Ibis, i n  addi- 
t i on  t o  the aforementioned  decrease in  r o t o r  speed, would then result in 
a decreased first-stage-rotor  entrance  tangential  velocity. Not much 
change in   the  f i rs t -s tage-rotor   exi t   re la t ive f l o w  angle  could be expected, 
since  the geometry i s  unchanged, but  the reduced rotor speed would tend 
t o  increase  the ro to r  exit tangential  velocity. Although the inlet 
tangential  velocity i s  decreased as the  first-stator area i s  increased, 
the  exit   tangential   velocity i s  increased; and it i s  believed that the  two 
changes tend t o  off se t  each other. The trend  noted in  f igure   4 (a)   for  
the first stage,  then, i s  believed minly a t t r ibu tab le  t o  the change i n  
turbine match speed. These same general  trends also prevail  f o r  the second 
and th i rd  stages t o  a lesser  extent, w i t h  the  exception of the work- 
parameter  curve for   the third stage of the  70-percent  turbine, which is 
considerably higher than  the  other  curves,  primarily  because this turbine 
was operating in  the immediate proximity of limiting  loadlng. These trends 
might also be at t r ibuted t o  the  match-point  speed variation. 

The mass-averaged values of  the  stage work parameter, shown in 
figure 4( a) fo r  the  132-percent tmbine,  represent a percentage of the  
over-all  turbine work output. The stage work division and the  equivalent 
match speed  and work a t  which the survey data were obtained  for all four 
turbine  investigations  are compared i n   t h e  following table: 

Turb fne 

work out- speed, % stage  stage stage 
Equivalent Equivalent T h i r d  Second F i r s t  

Match operating  point Stage work division, % 

design put, Btu/lb 

70-Percent ( r e f .  5) 

32.10 100 24.8 32.3 42.9 97-Percent (ref. 7) 
34.18 -10 2 23.3 29.7 47.0 87-Percent (ref. 6) 

a44. 38 125 29.4 20.8 49.8 

132-Percent 38.6 36.0 25.4 

(a) Max. obtainable  eguivalent mrk output, as limited by turbhe 

24.22 85 - 

limiting-loading  characteristics (ref. 2) . 
When the throat  a res  of the first stator i s  at  its maximum, the 

percentage of the  over-all  turbine work accomplished by the f i rs t  stage 
i s  a t  i t s  m i n i m u m  value. Conversely, t he  percentage work output in the  

- second stage i s  a t  i ts  maximum. In fact ,   there  is an 11.2-percent  spread 
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in   t he   f i r s t - s t age  work division and a l5.2-percent  spread for  the second 
stage  for  the four turbines  investigated. The percentage work output of 
the  third  stage remains relatively  constant as the  f i rs t -s ta tor  area is  . 
varied from 87 t o  132 percent of i ts  design value; only when the  area is 
reduced t o  70 percent of design is the  third-stage work significantly 
changed, and then by only 6.1  percent from that obtained  with  the 87- 
percent  turbine.  This  increased  third-stage work output  for  the 70- 
percent  turbine  results from operating  the  turbine at o r  very  near t h e  
turbine  limiting-loading  condition. 

Efficiency 

The radial variation of stage and over-all  turbine  efficiencies f o r  
the 132-percent  turbine i s  shown i n  Tigure 4(b) .  The mass-averaged values 
are  also  presznted.  Included  in  the  figure are corresponding rad ia l  
efficiency  variations from the 70-,  87-,  and 97-percent turbine  surveys. 
The levels of the curves show no consistent  varfation  with  first-stage- 
s ta tor  area, although a l l  stage  efficiencies, 8 s  w e l l  as the  over-all 
turbine  efficiencies,  tend  to  exhibit  regions of deficiency  near  the hub 
and t i p .  To be t t e r  observe the  stage and over-all  turbine  efficiency 
variations,  the mass-averaged values  for a l l  four  turbines  are  presented 
in the  following table: 

Stage 

turbine turbine turbine turbine 
132-Percent 97-Percent 87-Percent 70-Percent. 

Stage and over-all  turbine  efficiencies 
i 

( re f .  5) ( ref .  7)  (ref. 6) 

F i r s t  0.900 

-784 .784  .755 .828 Third 
.8E .849  .843 .759 Second 

0.850 0.891 0.897 
- 

e -  

l o v e r - a ~  I 0.865 1 0.856 1 0.858 I 0.831 I 
The individual  stage  efficiencies vary  considerably for any turbine 

configuration, and the  efficiency of any particular  stage  varies  consid- 
erably as first-stage-stator  area is changed.  With a l l  these changes i n  
stage performance, it is significant  that  the  over-all  turbine  efficien- 
c ies  vary  only  about 3 points over the complete range of f i r s t - s ta tor  
meas  investigated. That this  efficiency  spread was small was previously 
reported  in  reference 2, where the match-point turbine  efficiencies for 
the 87-, 97-, and 132-percent  turbine  configurations, as obtained from 
interpolation of their  respective  turbine performance maps,  were  coaparred. 
The match-point  equivalent work for   the 70-percent  turbine was unobtain- 
able. The reference  turbine  efficiencies were based on faired values of 
torque and weight-flow measurements,  and these values were a l l  s l i g h t l y  
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higher  than  the  efficiencies  obtained  in  the  subject 132-percent turbine 
survey report and the  corresponding  survey  reports for   the 87- and 97- 
percent  turbines  (refs. 6 and 7) ,  where the  over-all  turbine  efficiencies 
were based on the  temperature  drops across the  turbines. The difference 
of efficiency  as  calculated by the two methods is mainly a t t r ibu tab le   to  
the  diff icul ty  of measuring representative average turbine  discharge tem- 
peratures  in  the survey investigations. Both methods of calculating tur- 
bine  efficiencies, however, indicate that the  difference  in  turbine  effi-  
ciency w i t h  first-stator-mea  configuration is  s m a l l .  Therefore, it can 
be  concluded that, within the l i m i t s  investigated and fo r  a mode of engine 
operation  during wwch the compressor w a s  maintained at equivalent  design 
conditions,  the use of adjustable first-stator throat  areas had only a 
s m a l l  e f fect  on the  over-all  efficiency of t h i s  J 7 1  experimental  turbine. 

Operational LimLtations 

Although over-all  turbine  efficiency is important,  other  engine 
operational  factors must also be  considered  before a variable first-stator 
throat  area m a y  be  incorporated  in an engine  design. To be t te r  illustrate 
some of these  factors,  the same  mode of engine  operation  previously assumed 
t o  obtain the  compressor-turbine match operating  points, that of maintain- 
ing  constant  equivalent compressor design  conditions, w i l l  be considered.. 

The ab i l i t y  of the turbine  to  produce the required work output  over 
the whole range of s ta tor   area may be limited. Reference 2 indicates 
that, if the  f irst-stator  throat  =ea is  reduced t o  less  than about 75.5 
percent of the  design  area, the subJect  turbine would be unable to   dr ive 
the compressor for  the mode of engine  operation  considered. 

Mechanical considerations  such as the  turbine blade centrifugal-stress 
level  and operational  temperature  are  also  important  limiting factors .  
For the mode of operation  considered,  operation at constant  turbine-inlet 
temperature over a  range of compressor-inlet  conditions  (corresponding t o  
varying flight Mach  number and a l t i tude)   resu l t s   in  a variat ion of engine 
rotative speed. With 75.5 percent of design f i r s t - s t a to r  area being con- 
sidered  the lower limit of area  variation, the turbine match-point equiv- 
alent ro tor  speed would be about 116 percent of design  (see  fig. lO(b) of 
re f .  2) ;  and, w i t h  a constant  turbine-inlet  temperature, the mechanical 
rotor speed would also  increase to 116 percent of design.  Since  turbine 
blade  centrifugal  stress is directly  proportional  to  the square of the 
rotative speed, operation of the turb’ine w i t h  this first-stator area 
would r e su l t   i n  an increase of about 35 percent  aver the design turbine 
s t ress .  That this   s t ress   increases  as the throat  area  decreases from 
that of design may further res t r i c t   t he  lower limit of first-stator mea  
variation. 
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The m a x i m u m  permissible  f irst-stator  throat area may be restr ic ted 
by turbine-inlet temperature. Operation w i t h  areas  greater  than design 
requires an increase  in the engine  temperature r a t i o   i n  order t o  maintain 
constant  equivalent compressor design  conditions.  Figure 9(b) of refer- 
ence 2 shows that the  turbine w i t h  the 132-percent f i r s t - s ta tor   a rea  re- 
quires  an  engine  temperature  ratio  (turbine inlet t o  compressor i n l e t )  
of about 5.7. Assuming a moderate flight condition,  such as engine  opera- 
t i on  at a Mach  number of 0.5 in  the  stratosphere,  the compressor-inlet 
t o t a l  temperature would be  approximately 412' R. With an  engine tempera- 
t u re   r a t io  of 5.7, then, the turbine-inlet  temperature would be  approxi- 
mately 2350° R, certainly  not  conservative by curr&t  turbojet  standards. 
Furthermore, if e i ther  the flight speed is increased or the flight a l t i -  
tude i s  decreased (still malntaining  constant  equivalent compressor design 
operation and a fixed turbine  first-stator  area),  the  required  turbine- 
i n l e t  temperature would increase further. Hence, turbine-inlet tempera- 
tu re  w i l l  r es t r ic t   the  upper limit of f i rs t -s ta tor-area adjustment unless 
some method of cooling the turbine blades is incorporated i n  the design 
of variable-first-stator-area  turbines. 

It can be concluded, then, tha t  considering only the turbine aero- 
dynamic performance, the use  of adjustable turbine  stator  area  for the 
subject  turbine  appears t o  be a feasible method of permitting  constant 
equivalent  design-point compressor operation over a wide range of off- 
design  turbine  conditions. Other turbine  operational  factors must be ., 
considered, however,  which may limit the amount of allowable f i r s t - s ta tor -  
area auustment . 

Interstage F low Velocities and Angles 

The radial variations of the  absolute and re la t ive  Mach numbers  and 
flow angles  entering and leaving each rotor blade row for the  subject 
turbine and the  three  reference  turbines  are  presented  in  figure 5. The 
radial variations of the  design  values  obtained from the  design  velocity 
diagrams presented in reference 9 are  also  included. Angles in the 
direction of rotor   rotat ion are defined as positive.  Figure  5(a)  indicates 
that the  absolute and re la t ive  Mach numbers a t  the   in le t  of the first- 
stage ro tor   for  the 132-percent turbine are considerably lower than the 
design  values and lower than those observed i n   t h e  three reference tur- 
bines, as was expected. The absolute  flow angle at the f i r s t - ro tor   in le t  
i s  underturned from design on the  order of 1 2 O  over most of the  blade 
span, ref lect ing  the change in  f irst-stator  stagger  angle.  The relat ive 
flow  angle a t  the inlet  t o   t he  first rotor  indicates that a negative 
angle of incidence,  defined as the deviation from the  design angle, on 
the  order of 20' over most of the  blade  height i s  present on the first- 
stage  rotor. The Mach numbers and flow  angles at the   ou t le t  of the f irst  
rotor   ( f ig .  5(a))  a re  of the same order of magnitude as those observed i n  
the  three  reference  investigations. However, the  outlet  absolute flow b 

angle is considerably  closer t o  the design  value,  indicating  very smll 
angles of incidence on the second-stage s ta tor .  
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Figure  5(b) shows that the  absolute and re la t ive  Bhch  number d i s t r i -  
butions at the M e t  and out le t  of the second-stage ro to r  a re  similar t o  
those observed in  the  reference  turbines. However, the  level  of the  curves 
i s  s l ight ly  lower, i n  general, than was previously  noted. The absolute 
and re la t ive  flow angles a t  the   in le t  and outlet  of the  second-stage 
r o t o r  are similar  in  distribution and magnitude to  those observed i n , t h e  
87- and 97-percent turbines. The rotor  inlet r e l a t i v e  flow angle  indicates 
that it i s  operating  with  negative  incidence on the  order of 4O near the 
blade hub t o  positive  incidence  angles of about 6' t o  8' i n  the  t ip   region.  

The radial   var ia t ions of the Mach numbers and flow angles at the 
third-stage-rotor  inlet and out le t  f o r  all four  turbine  configurations 
also have similar trends (fig.  5( c) ) . The levels of the Mach number curvet 
for the 132-percent turbine  are lower than  those observed in  the  reference 
turbine  investigations. The relative flow  angle a t   the   third-rotor  inlet 
indicates that the ro tor  is operating  with  positive  incidence on the  order 
of 10' over most of the  blade  height. The flow angles a t  the  out le t   are  
near the  design  values. 

0, 

Lo 
rl 

b, 

N- Loss Function 
I u u Figure 6 presents  the radial variation of the  stage loss function 

(z cos P ) / O  (described in de ta i l  in ref. 9) fo r  each turbine  stage  for 
the  subject  turbine as w e l l  as for   the 70-, 87-, and the 97-percent 
turblnes  (refs.  5 t o  7) . The loss parameter a i s  the   re la t ive   to ta l -  
pressure drop across  the  rotor  divided by the  difference between the 
rotor   inlet   re la t ive  total   pressure and the  static  pressure a t  the ro to r  
out le t .  No total-pressure loss i s  assumed t o  occur in the  s ta tor .  The 
trends of the curves f o r  each stage of each turbine exhibit similar 
characterist ics.  . Regions of highest loss parameter s t i l l  pers i s t  in  the 
hub and t ip   port ions of the  blades. 

- 

A cold-air radial survey investigation of the J71 experimental 
three-stage  turbine with a first stator having a throat  area 132 percent 
of design was conducted at a predetermined  turbine  operating match point. 
Individual  stage performance characterist ics were determined. The resu l t s  
were compared with  corresponding results  previously  obtained  with  the 
same turbine having f i r s t - s t a to r  throat  areas of 70, 87, and 97 percent 
of design. The following results were obtained: 

1. The mass-averaged va lues  of the first-, second- , and third-atage 
efficiencies f o r  the 132-percent turbine were 0.850, 0.8l5, and 0.784, 

three  blade rows. 
w respectively. Regions of deficiency  existed  near  the hub and t i p  f o r  a l l  
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2. The individual  stage  efficiencies  varied  considerably  for each 
of the  four  turbine  configurations  investigated. Also, the  efficiency of 
any particular  stage  varied widely as  the  first-stage-stator  area WES 
changed. The over-all  turbine  efficiency, however, varied only  about 
three  points over the wide range of first-stator  areas  investigated. 

c. . 

3. Although the Mach numbers and flow  angles at the  outlet  of  the 
f i rs t  s ta tor  of' the 132-percent  turbine were considerably lower than  the 
design  values, as would  be expected,  the  trends of the  distributions  at  
the  outlet  of  succeeding  blade rows were, in  general, similar t o  those 
observed for   the 70-, 87-, and 97-percent  turbine  configurations. 

4 .  Considering  the  turbine aerodynamic performance, the use of ad- 
justable  turbine  stator  area appears t o  be a feasible method of permitting 
constant  equivalent  design-point compressor operation over a w i d e  range of 
off-design  turbine  conditions. However, operational  factors such as t u r -  
bine work limitations,  turbine  rotor  blade  centrifugal  stress, and 
turbine-inlet  temperature may limit the amount of f i r s t - s ta tor -mea  ad- 
justment  allowable. 

Lewis Flight  Propulsion  Laboratory 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, June 3, 1957 

. 
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Flgure 5. - Concluded. Vaalatlon of absolute and relatlve Mach number and flow angle a t  rotor i n l e t  and Outlet with 
annular area. 

. . .   . . .  



F n 

> b 

m 
m 
0 
0 

E 

. . . . . . . . . . . . . . . . . . . . - .. . . . . -. . . " ... . . . . . . . . . . . . . . 

# 

F 

1 



c , 
r 

-I 


